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ABSTRACT

In wireless sensor networks, hundreds or thousands of sensor networks are deployed in a field to sense data (like
temperature, light, pressure, sound etc.) and then they transmit it to sink nodes or base station via a radio transmitter. At
one side where these networks have numerous applications, they suffer from a major disadvantage on the other side.
These sensor nodes are power constrained and hence they have limited lifetime. Once deployed, these nodes cannot be
recharged, therefore researchers are developing protocols to enhance network lifetime. Protocols had been modified one
after the other so as to save energy during their every transmission. Clustering technique was used and it was found that it
is more optimistic way to save energy. In this paper, we propose a new clustering protocol: Threshold Enhanced
Developed and Distributed energy-Efficient Clustering Protocol (TEDDEEC) for heterogeneous wireless sensor networks.
In this technique, a modified value of threshold is presented on which a node will decide whether to become CH or not.
Simulation results show that this protocol outperforms as compared to its conventional counterparts.
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INTRODUCTION

Wireless sensor network technology is the key technology for future. Sensor nodes are the most important component in
wireless sensor network. These sensor nodes have four subsystems viz. power subsystem, processor, communication
subsystem and sensor subsystem. These nodes are power constrained i.e. they have limited lifetime [1]. So, various
routing protocols were developed to reduce the energy consumption by applying clustering technique. This technique
includes formation of clusters in which cluster member nodes send the sensed data to their respective cluster heads and
these CHs transmit it to base station through a radio channel after data aggregation [2]. Clustering is done in two types of
networks: Homogeneous and Heterogeneous networks. Both the networks differ from each other in the sense of energy
level of CHs. In homogeneous all nodes have same energy level. Whereas, in heterogeneous networks nodes have
different initial energies. Few examples for homogeneous network protocols are LEACH (Low Energy Efficient Adaptive
Clustering Hierarchy) [3], HEED (Hybrid Energy Efficient Distributed Clustering) [4], PEGASIS (Power Efficient Gathering
in Sensor Information Systems) [5]. These protocols fail to perform well in heterogeneous network because in these
protocols nodes are not treated with respect to energy. In heterogeneous WSNs, nodes are differentiated with respect to
their residual energy. SEP (Stable Election Protocol) [6], DEEC (Distributed Energy-Efficient Clustering) [7], DDEEC
(Developed Distributed Energy-Efficient Clustering) [8], EDEEC (Enhanced Distributed Energy-Efficient Clustering) [9],
EDDEEC (Enhanced Developed Distributed Energy-Efficient Clustering) [10] are few examples of heterogeneous WSN
protocols. In Section Il, TEDDEEC protocol has been described. In section I, simulations and results are shown. Finally in
section 1V, work is concluded.

TEDDEEC PROTOCOL

TEDDEEC implements the same strategy for estimating the energy in the network as proposed in EDDEEC [10]. The
average energy of rth round is given as:

() = 1 Errar (1 —5)

1)
R be the total rounds during network lifetime and can be estimated from [10] as:
R = En:-n:;
E round 2)
Eround is the energy dissipated in a network during single round and can be calculated as:
Evpung = LENEg . + NE;, + kEm;:l d?l}.ﬁj +N Efz dt:DEH:I 3

where k is number of clusters diwBs is the average distance between cluster head and the base station and dtocH is the
average distance between the cluster members and the cluster head.

Now dtoBS and dtocH can be calculated as:

M !
Il = 0.765 —
toCH *-.-'rzﬂ-'k toES 3 @
By calculating the derivative of Eround with respect to k to zero we get optimal number of clusters as:
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Hence we can find the energy dissipated per round by substituting equations (4) & (5) in (3).Due to the heterogeneity
factors R is taken as 1.5 R.

Traditionally, as per EDDEEC, cluster head algorithm is broken into rounds. At each round node decides whether to
become a cluster head based on threshold calculated by the suggested percentage of cluster heads for the network and
the number of times the node has been a cluster-head so far. This decision is made by the nodes by choosing the random
number between 0 and 1. If the number is less than a threshold T(s) the node becomes a cluster-head for the current
round. The threshold is set as:

Fi
T(s) = 41— p;(rmod ;T]
0 u-the'.r'w ise (6)

ifs; el

where p, r, and G represent, respectively, the desired percentage of cluster-heads, the current round number, and the set
of nodes that have not been cluster-heads in the last 1/p rounds. Using this threshold, each node will be a cluster head,
just once at some point within 1/p rounds.
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In TEDDEEC approach we have adjusted the value of the threshold, according to which a node decides to be a cluster
head or not, based on ratio of residual energy and average energy of that round in respect to the optimum number of
cluster heads. So that only nodes having a more energy becomes the cluster head.

The threshold Eq. (6) is set as:
B . Residual Energy ofa node = Ky,
T(s) =11 — o (rmod L:] Average energy of network
P

ifse

0 otherwise (7)

The difference between DEEC, DDEEC, EDEEC, EDDEEC and TEDDEEC is generalized in Eq. 7, which defines
threshold level for a node to decide whether to become CH for current round or not. Aim of this expression is to distribute
energy consumption over network efficiently, increase stability period and lifetime of network.

The probabilities of normal, advanced and super nodes in case of two-level heterogeneity are same as that in case of
EDDEEC [10]:
f Fn;:lr E[{T-]
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for Nyymodes

for Adv nodes

for Sup nodes

for N, Adv, Sup nodes

The value of absolute residual energy level, Tabsolute, is written as:
Tobeoture = 2B (9)

where, zg(0, 1). If z = 0 then we have traditional EDEEC. In reality, advanced and super nodes may have not been a CH in
rounds r, it is also probable that some of them become CH and same is the case with the normal nodes. So, exact value of
zis not sure. However, through humerous of simulations using random topologies, we try to estimate the closest value of z
by varying it for best result based on first dead node in the network and find best result for z = 0.7. Therefore, Tabsolute =
(0.7)Eo.

Here, c is a real positive variable which control directly the clusters head number. On one hand, if ¢ is higher, the number
of cluster heads will increase. Then, the network scheme will be like a direct communication because all nodes will be a
cluster head and transmit directly here information to the base station, in this case the network performances will increase.
On the other hand, if ¢ = 0, the probability to be a cluster heads will be equal to zero for all nodes. So, they go to transmit
directly their measurement to the base station, thus, they die quickly, that we want certainly to avoid. When simulated and
analyzed, it was found that if ¢ is nearest to 0.02 we have more network performances [8].

SIMULATIONS AND RESULTS

In this section, we present simulation result for DEEC, DDEEC, EDEEC, EDDEEC and TEDDEEC for three-level
heterogeneous WSNs using MATLAB. WSNs consist of N = 100 nodes which are randomly placed in a field of dimension
100mx 100m. For simplicity, we consider all nodes are either fixed or micro-mobile and ignore energy loss due to signal
collision and interference between signals of different nodes that are due to dynamic random channel conditions. In this
scenario, we are considering BS is placed at center of network field.

The performance metrics used for evaluation of clustering protocols for heterogeneous WSNs are stability period, lifetime
of the heterogeneous WSNs and data packets which are successfully sent to BS. In heterogeneous WSNs, we used radio
parameters as mentioned in Table 1 below for different protocols deployed in WSNs and estimated performance for the
case of three-level heterogeneous WSNs.
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Table 1. Experimental Setup

Parameter Value

Area (x,y) 100,100

Base station 50,50

Nodes (n) 100
Probability (p) 0.1

Initial Energy (E0) 0.5
Transmitter_Energy 50 nJ/bit
Receiver_Energy 50 nJ/bit

Free Space (Amplifier) 10 pJ/bit/sg.m.
Multipath (Amplifier) 0.0013 pJ/bit/sq.m.
A (Energy Factor Between Normal 3.5

and Super Nodes)

B (Energy Factor Between Normal 2
and advance Nodes)

Maximum Lifetime 10000
Message size 4000 bits

M (Fraction of Advanced Nodes) 0.8

X (Fraction of Super Nodes) 0.6

Effective Data Aggregation 5 nJ/bit/signal

We consider a network containing 20 normal nodes having EO energy, 32 advanced nodes having 2.0 times greater
energy as compare to normal nodes and 48 super nodes containing 3.5 times greater energy as compare to normal
nodes. The parameters used for the simulation are given following:

e m=0.8
e mo=0.6
e a=20
e b=35

Figure 1 depicts number of alive nodes during lifetime of network. All nodes for DEEC, DDEEC, EDEEC, EDDEEC and
TEDDEEC die at 5317, 5738, 8496, 8650 and 9993 rounds respectively.

Figure 2 depicts number of dead nodes during lifetime of network.

Figure 3 shows data packets sent to BS for DEEC, DDEEC, EDEEC, EDDEEC and TEDDEEC are 137823, 131591,
396746, 436792, 528188 respectively. Results show that TEDDEEC is most efficient among all protocols in terms of
stability period, network life time and packets sent to BS even in case of network containing more super and advanced
nodes as compared to the normal nodes.

Figure 4 depicts remaining energy for each protocol. With the same parameters and same initial energy, TEDDEEC has
maximum total energy (or remaining energy) at every round with respect to other nodes.

5792 | Page April 15, 2015



F
&

100

ISSN 2277-3061

60

40

Murmber of Alive Modes

20

I ‘:‘..—L "'_‘:_I.__ I I I I
,;f!lr&u"--,_" ,‘.‘ s DEEC
RN — — DDEEC
ERR R wemen EDEEC
S S T - EDDEEC
-'....-'".. tl- ..... - -":-..-.I".:‘-\__ . e emi—en TEDDEEC
. . N i
i W M L i
R e
0 ' o _'""'mh
L) .Ll::.l:l_\ '+..:.".-=. 1- -HI
LH‘* b":l""ﬂ e,
i i L‘q"lq l:"' " 5""-..... Tl T
I."-.. 1'11 1‘- . - =, ""--:.1_‘_
""-. N '._"". '-.___.- ' "i
| | | | Reegam—o L T N :

1000

2000 3000 4000 5000 6000

MNumber of Rounds

f000 8000 9000 10000

Figure 1 Alive nodes during network lifetime

100

Mumber of Dead Modes

I i '
Fa ; N DEEC
/ H,;"* F— ol DDEEC
A FR O EDEEC |
I I i EDDEEC
H . h ol
A ! T TEDDEEC
j" . ! .r‘l -
-I:l'n'"- F;l’ l-“in'...l-m'
i ! ,.{..j'
““-I:.l' "I!
_ﬂ;’ ; ,.«"'; ,.-fl?‘ i
ot £ Tl
;.i' II'I:. o’ ,J.r.*
] e
=' {l!‘.-'l-l-‘\:“"!“.”‘. -
; F'l_,." "
LU
Iuﬂ’i. flf.llr
el | | | |

5793 |Page

8000
Mumber of Rounds

8000 10000 12000

Figure 2 Number of dead nodes during network lifetime

April 15, 2015



ISSN 2277-3061

B I T I | |
-------- DEEC
5l verrs DDEEC
e e EDEEC
0 B R EDDEEC
m 4 - ot . __...r""" . =
2 it ™ vt ] e, TEDDEEC
E et " .f"" ot et
% 3_ "‘_...- . Lot B
o --‘li' pf:. =
= iy Rty
k- i
(8] uF g
o 2+ LR -
o e "
F.i"_}ﬁ:" i
1";-'“‘.s . .Jl.vl"‘"""'ﬂ.rn' = =
1 I~ -“‘:}“ prat B —
1,-_*,!" I
o Lat¥
..'IJ' sanpEET
AP e
s

[} | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 8000 10000
Mumber of Rounds

Figure 3 Packets send to base station

200 : .
— 3
=== DDEEC
wwsvons EDEEC
wenes EDDEEC

.

T

fm—
5
27
F

= .
o g,
4y Ty '
; II.I"-:."I:”.H;. LLLLTTRTT TE DDE E [:
= 100 i T, H
'S " . My, Mapy,
! i, e,
i) Ha "‘l,, !
= e e, e,
— l&,, ll.J "'ln T,
= o e
— 1, N "
= T TR
o 5“ - hk'\ n, y, . ""'hp |
E r'*:""n. ", ey, ' Rl
e Ty LT
an *h; by, LT LLL TP
o 0 [ i 1k,

w
n g
" oy, L
iy, gy gy
. gy, LT, Wy
Ay, lI"'hl.

abd ]
LENY
"Il.l“l
ur

(1T
nH
|||I||||||||||“u.
"

Ermly 5 g T
[I — 4"“"““IHI'.|-l-l-l-l-l-l-l--I-II.I-.I.l-l-l-l-l-l-ll“l““. v ok

5 | | | | | [ | | |
0 1000 2000 3000 4000 5000 6000 1000 8000 000 10000

Number ofRounds
Figure 4 Remaining Energy

CONCLUSION

In this paper we proposed TEDDEEC (Threshold Enhanced Developed Distributed Energy Efficient Clustering) protocol
which improves stability and energy efficient property of the heterogeneous wireless sensor network and hence increases
the lifetime. Simulation results show that TEDDEEC performs better as compared to SEP and DEEC in heterogeneous
environment for wireless sensor networks.
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